The presence of autoreactive T cells recognizing self myelin antigens is necessary 1
Nitric oxide (NO), a short-lived and bioactive free radical, has been recognized to have many functions in normal physiological and pathophysiological conditions (1, 2) . At low concentration, nitric oxide (NO) has been shown to play an unique role in neurotransmission and vasodilation, however, at higher concentration, it is a potent neurotoxin (1, 2) . Consistently, NO, derived in excessive amount from the activation of inducible nitric oxide synthase (iNOS) in glial cells (microglia and astrocytes), is assumed to contribute to oligodendrocyte degeneration in demyelinating diseases and neuronal death during neurodegenerative diseases (3) (4) (5) (6) (7) . Evidence from several laboratories emphasizes the involvement of NO in the pathophysiology of multiple sclerosis (MS) and experimental allergic encephalomyelitis (EAE), the animal model of MS (8) (9) (10) . Analysis of cerebrospinal fluid (CSF) from MS patients has shown increased levels of nitrite and nitrate compared with normal control (11) . The reaction of NO with O 2 -forms peroxynitrite, ONOO -, a strong nitrosating agent capable of nitrosating tyrosine residues of a protein to nitrotyrosine. Increased levels of nitrotyrosine have been found in demyelinating lesions of MS brains as well as in spinal cords of mice with EAE (12, 13) . Consistently, uric acid, a scavenger of peroxynitrite, markedly inhibits the appearance of EAE in mice, and the incidence of MS has been found very rare among gout patients having higher levels of uric acid suggesting the critical involvement of peroxynitrite in the disease process of EAE and MS. Subsequently, semiquantitative RT-PCR for iNOS mRNA in MS brains also shows markedly higher expression of iNOS mRNA in MS brains than in normal brains (14, 15) . However, the mechanism by which NO is generated in the MS brain is unclear, but it is known that the resident CNS macrophage, the microglia, is an important source. MS is the most common human autoimmune disease of the CNS of unknown etiology. The infiltration of neuroantigen-specific T cells into the CNS is considered a key event in the pathogenesis of MS or EAE (16, 17) . However, the mechanisms through which neuroantigen-specific T cells play an etiologic role in MS remain unclear. Since NO produced in excessive amount from the activation of iNOS participates in the pathogenesis of MS, we investigated the role of neuroantigen-specific T cells in the expression of iNOS in microglial cells.
We herein report that MBP-primed T cells induce the expression of iNOS in mouse microglial cells through cell-cell contact and that VLA-4 antigen on T cell surface plays an important role in this process. Interestingly, IFN-β inhibited the expression of VLA-4 and thereby blocked the ability of MBP-primed T cells to induce microglial iNOS.
Materials and Methods:
Reagents: Fetal bovine serum (FBS), Hanks balanced salt solution (HBSS), DMEM/F-12, RPMI 1640, L-glutamine and β-mercaptoethanol (β-ME) were from Mediatech. L-N G -Monomethylarginine (L-NMA) and D-N Gmonomethylarginine (D-NMA) were purchased from Biomol. Arginase was purchased from Sigma. Antibodies against mouse macrophage iNOS were obtained from Calbiochem. 125 I-labeled protein A and [α-32 P]dCTP were obtained from NEN. Functional blocking antibodies and FITC-labeled antibodies to CD49d (the α4 chain of VLA-4) were obtained from Pharmingen.
Isolation and purification of T cells from lymph nodes:
Female SJL/J mice were immunized s.c. with 400 µg bovine MBP and 60 µg Mycobacterium tuberculosis (H37RA; Difco Labs.) in IFA (Calbiochem). On 10 to 12 day of immunization, lymph nodes were collected from these mice and single cell suspension was prepared in RPMI 1640 medium containing 10% FBS, 2 mM L-glutamine, 50 µM β-ME, 100 U/ml penicillin and 100 µg/ml streptomycin. Cells cultured at a concentration of 4-5 × 10 6 cells/ml in six-well plates were incubated with 50 µg/ml MBP for 4 days. The non adherent cells were collected and passed through the nylon wool column preincubated for a period of 30 min with RPMI 1640 supplemented with 10% FBS at 37 0 C, 5% CO 2 . The first 15-20 ml eluant was collected, centrifuged at 500g, and resuspended in RPMI 1640-FBS. Viability of the cells was checked by trypan blue exclusion. Flow cytometry: The purity of lymph node cells, obtained after nylon wool column separation, was checked by flow cytometry using FITC-labeled anti-CD3 (Biosource International). Briefly, 1 X 10 6 cells suspended in RPMI 1640-FBS were incubated in the dark with appropriately diluted FITC-labeled anti-CD3 at 4 0 C for 30 min. Following incubation, cell suspension was centrifuged, washed thrice and resuspended in 500 µl of RPMI-FBS. The cells were then analyzed through FACS (Beckton Dickinson, USA). A minimum of 10,000 cells were accepted for FACS analysis. Cells were gated based on morphological characteristics. Apoptotic and necrotic cells were not accepted for FACS analysis. More than 98% cells were found as CD3 positive T cells. These T cell populations were used to stimulate microglial cells. Similarly, FITC-labeled antibodies to CD49d (Integrin α4 chain) (Pharmingen) was used to examine the surface expression of VLA-4 on T cells. T cell proliferation assay: T cells isolated from MBP-immunized mice were cultured in 96 well U bottomed microtiter plate (Coaster) in 200 µl of RPMI 1640 containing 10% FBS, 2mM L-glutamine, 50 µM β-ME, 100 U/ml penicillin and 100 µg/ml streptomycin. Cells (2 X 10 5 cells) in the wells were stimulated with different concentrations of MBP. Unstimulated cells were kept as controls. After 72 h of stimulation, cells were pulsed with [ 3 H]-thymidine (0.5 µCi/ well) for another 24 h. Cells were then harvested on GF/C glass fiber filter (Whatman) and the level of [ 3 H]-thymidine incorporation in cells was assessed by scintillation counter (Beckman). Treatment of MBP-primed T cells with IFN-β before their co-culture with microglial cells: T cells isolated from MBP-immunized mice were cultured in RPMI 1640 (supplemented with 10% FBS, 2mM L-glutamine, 50 µM β-ME, 100 U/ml penicillin, 100 µg/ml streptomycin) containing 50 µg/ml MBP in the presence or absence of different concentrations of IFN-β for 4 d before their coculture with microglia. One day before this co-culture, another dose of IFN-β was administered. Cells were then centrifuged, washed, and used in co-culture. Isolation of Mouse Primary Microglia: Microglial cells were isolated from mixed glial cultures according to the procedure of Guilian and Baker (18) . Briefly, on day 7 to 9 the mixed glial cultures were washed 3 times with DMEM/F-12 and subjected to a shake at 240 rpm for 2 h at 37 0 C on a rotary shaker. The floating cells were washed and seeded onto plastic tissue culture flasks and incubated at 37 0 C for 2 h. The attached cells were removed by trypsinization and seeded on to new plates for further studies. Ninety to ninety-five percent of this preparation was found to be positive for Mac-1 surface antigen. For the induction of NO production, cells were stimulated with MBP-primed T cells in serum-free DMEM/F-12.
Mouse BV-2 microglial cells (kind gift from Virginia Bocchini of University of Perugia) were also maintained and induced with different stimuli as indicated above. Assay for NO Synthesis: Synthesis of NO was determined by assay of culture supernatants for nitrite, a stable reaction product of NO with molecular oxygen. Briefly, supernatants were centrifuged to remove cells, and 400 µl of each supernatant was allowed to react with 200µl of Griess reagent (19) (20) (21) (22) and incubated at room temperature for 15 min. The optical density of the assay samples was measured spectrophotometrically at 570 nm. Fresh culture media served as the blank. Nitrite concentrations were calculated from a standard curve derived from the reaction of NaNO 2 in the assay. Protein was measured by the procedure of Bradford (23) . Immunoblot Analysis for iNOS: Immunoblot analysis for iNOS was carried out as described earlier (20) (21) (22) . Briefly, cells were detached by scraping, washed with Hank's buffer, and homogenized in 50mM Tris-HCl (pH 7.4) containing protease inhibitors (1 mM PMSF, 5 µg/ml aprotinin, 5 µg/ml pepstatin A, and 5 µg/ml leupeptin). After electrophoresis the proteins were transferred onto a nitrocellulose membrane, and the iNOS band was visualized by immunoblotting with antibodies against mouse macrophage iNOS and 125 I-labeled protein A (20) (21) (22) . RNA Isolation and Northern Blot Analysis: Cells were taken out of the culture dishes directly by adding Ultraspec-II RNA reagent (Biotecx Laboratories, Inc.), and total RNA was isolated according to the manufacturer's protocol. For Northern blot analyses, 20 µg of total RNA was electrophoresed on 1.2% denaturing formaldehyde-agarose gels, electrotransferred to Hybond nylon membrane (Amersham Pharmacia Biotech), and hybridized at 68°C with 32 P-labeled cDNA probe using Express Hyb hybridization solution (CLONTECH) as described by the manufacturer. The cDNA probe was made by polymerase chain reaction amplification using two primers (forward primer: 5'-CTC CTT CAA AGA GGC AAA AAT A-3'; reverse primer: 5'-CAC TTC CTC CAG GAT GTT GT-3') (24) (25) (26) (27) . After hybridization, the filters were washed two or three times in solution I (2 × SSC, 0.05% SDS) for 1 h at room temperature followed by solution II (0.1 × SSC, 0.1% SDS) at 50 °C for another hour. The membranes were then dried and exposed to x-ray films (Kodak). The same amount of RNA was hybridized with probe for glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
Results:

MBP-primed T cells induce the production of NO and the expression of iNOS in BV-2 microglial cells: T cells isolated from lymph nodes of MBP-primed mice
proliferated in response to MBP, and maximum proliferation was observed at 50 or 100 µg/ml of MBP (Fig. 1) . However, these cells did not proliferate in response to bovine serum albumin (BSA) (data not shown) suggesting that these cells were primed specifically against MBP. Therefore, in subsequent studies, these cells were treated with 50 µg/ml of MBP for priming. After priming, these T cells were purified by nylon wool column. As shown in the FACS analysis of Fig. 2 , MBPprimed T cells were more than 98% pure after nylon wool column purification. Next we examined if these purified MBP-primed T cells can induce the production of NO in mouse BV-2 microglial cells. MBP-primed T cells were washed and added to BV-2 microglial cells in direct contact. There was no induction of NO production when MBP-primed T cells were added to microglial cells at a ratio of 0.1:1 (Fig. 3) . However, the induction of NO production started from the ratio of 0.2:1 of T cell:microglia, reached to the maximum at the ratio of 0.7:1 and decreased at higher concentrations of T cells (Fig. 3 ). This decrease in NO production was due to the increase in microglial cell death in the presence of higher concentration of MBP-primed T cells (data not shown). In contrast to MBP-primed T cells, normal T cells were unable to induce the production of NO in BV-2 microglial cells (Table-1 ).
Next we examined if the contact between MBP-primed T cells and microglial cells is necessary to induce the production of NO. First, MBP-primed T cells were placed in a culture insert, where they were in close proximity to, but not contacting microglia. In contrast to marked induction of NO production by MBPprimed T cell:microglia contact ( Fig. 3 and Table-1) , very little induction of NO production was observed when MBP-primed T cells were placed within culture inserts (Fig. 3) . Second, the conditioned supernatant of MBP-primed T cells were added to microglial cells. Fifty microliter of supernatant is equivalent to T cells sufficient for the ratio of 0.5:1 of T cell:microglia. The induction of NO production by 50 µl of that supernatant (7.7 + 2.4 µg/24 h/mg protein) was very low as compared to that (256 + 34 µg/24 h/mg protein) of 0.5:1 of T cell:microglia (Tables 1 and 2 ). These observations suggest that the induction of NO production by MBP-primed T cells primarily depend on the contact between T cells and microglia. However, higher volumes of supernatants of MBP-primed T cells did induce the production of NO in BV-2 glial cells by 5 to 9 fold (Table-2 ).
The inhibition of MBP-primed T cell-induced NO production by arginase, an enzyme that degrades the substrate (L-arginine) of NOS and L-NMA, a competitive inhibitor of NOS, but not by D-NMA, a negative control of L-NMA, suggests that MBP-primed T cells induce the production of NO in BV-2 microglial cells through NOS-dependent arginine metabolism (Table-1 ). To understand further the mechanism of NO production, we examined the effect of MBP-primed T cells on protein and mRNA levels of iNOS. Western blot analysis with antibodies against murine macrophage iNOS and Northern blot analysis for iNOS mRNA clearly showed that MBP-primed T cells alone are capable of inducing the expression of iNOS protein (Fig. 4A ) and iNOS mRNA (Fig. 4B) . Consistent to the induction of NO production, MBP-primed T cells did not induce the expression of iNOS protein and mRNA in BV-2 microglial cells when added at a ratio of 0.1:1. The induction of iNOS protein and mRNA started at the ratio of 0.2:1 of T cell:microglia, peaked at the ratio of 0.7:1 and decreased at higher concentration of T cells (Fig. 4) .
Consistent to a role of NF-kB activation in the expression of iNOS (24-31), we have also found that MBP-primed T cell:microglia contact induced the activation of NF-kB in BV-2 microglial cells and that SN50, a specific inhibitor of NF-kB activation (32), but not that SN50M, a nonfunctional mutant of SN50, inhibited MBP-primed T cell-induced production of microglial NO (data not shown).
MBP-primed T cells induce the production of NO in mouse primary microglia:
To understand if MBP-primed T cells were able to induce the production of NO in primary cells, we examined the effect of MBP-primed T cells on the induction of NO production in mouse primary microglia (Table-3 ). Consistent to the induction of NO production in BV-2 microglial cells, MBP-primed T cells dosedependently induced the production of NO in mouse primary microglia. Similar to in BV-2 cells, MBP-primed T cells were unable to induce the production of NO in primary microglia when added at a ratio of 0.1:1 of T cells and microglia (Table-3 ). However, the induction of NO production started from the ratio of 0.2:1 of T cell:microglia, reached to the maximum at the ratio of 0.5:1 and decreased at higher concentrations of T cells (Table-3 Next to examine if this VLA-4 is involved in contact-mediated production of NO, we used functional blocking antibodies against CD49d (the α4 chain of VLA-4). It is apparent from Figure 6 that incubation of MBP-primed T cells with different concentration of antibodies against CD49d inhibited its ability to induce the production of NO in microglial cells. Although antibodies against CD49d at a dose of 10 or 20 µg/ml was not effective in blocking the production of NO (data not shown), marked inhibition was observed when antibodies were used at a concentration of 50 or 100 µg/ml. In contrast, control IgG did not block the ability of MBP-primed T cells to induce microglial production of NO (Fig. 6 ). These studies suggest that VLA-4 on the surface of MBP-primed T cells is involved in contact-mediated induction of NO production in microglial cells. Effect of IFN-β on MBP-primed T cell-induced production of NO in BV-2 microglial cells: Recent clinical trials have demonstrated that interferon-β (IFN-β) or betaserone decreases the number of relapses in relapsing-remitting MS (35, 36) . However the mode of action of IFN-β in MS remains unclear. Since MS is a T cell-mediated disease, and MBP-primed T cells induce iNOS in microglial cells, we investigated the effect of IFN-β on MBP-primed T cell-induced production of NO in BV-2 microglial cells. MBP-primed T-cells, with or without preconditioned with different doses of IFN-β, were co-cultured with BV-2 microglial cells for 24 h. It is evident from Fig. 7A that the production of NO in BV-2 glial cells was markedly inhibited by more than 90% when they were cocultured with MBP-primed T cells preconditioned with IFN-β. On the other hand, addition of IFN-β to the co-culture of BV-2 glial cells and MBP-primed T cells, did not result in inhibition of NO production (Fig. 7B) suggesting that pretreatment of MBP-primed T cells with IFN-β is necessary to inhibit the ability of T cells to induce the production of NO. Surprisingly, IFN-β alone induced the production of NO in BV-2 microglial cells (Fig. 7C ). These observations suggest that in spite of the ability of IFN-β itself to induce the production of NO in microglial cells, pretreatment of MBP-primed T cells with IFN-β inhibits the ability of MBPprimed T cells to induce contact-mediated production of NO in microglial cells.
Effect of IFN-β on the surface expression of VLA-4 in MBP-primed T cells:
Since IFN-β inhibited the ability of MBP-primed T cells to induce contactmediated production of NO in microglia, we investigated the effect of IFN-β on the expression of VLA-4 on the surface of MBP-primed T cells. MBP-primed T cells were treated with 50 U/ml of IFN-β during priming with 50 µg/ml of MBP for 4 d before the FACS analysis. One day before FACS analysis, another dose of IFN-β (50 U/ml) was administered. Cells were then centrifuged, washed, and used in co-culture. Consistent to the inhibitory effect of IFN-β on MBP-primed T cellinduced production of NO (Fig. 7A) , pretreatment of MBP-primed T cells with IFN-β led to the inhibition of VLA-4 expression (compare Fig. 5D to Fig. 5C ). Analysis and quantitation of FACS data obtained from four separate experiments showed that IFN-β treatment of MBP-primed T cells resulted in 50.8 + 12.1% inhibition of VLA-4 expression. These results suggest that IFN-β inhibits the ability of MBP-primed T cells to induce microglial production of NO by inhibiting the expression of VLA-4 on the surface of MBP-primed T cells.
Discussion:
Activation of microglia, CNS-resident professional macrophages, has been implicated in the pathogenesis of a variety of neurodegenerative diseases, including multiple sclerosis (MS), Alzheimer's disease (AD), Creutzfeld-Jacob disease, and HIV-dementia (37) . Upon activation, microglia produce and secrete potentially neuroinflammatory molecules including NO that plays a pivotal role in demyelination of MS patients (7, 24, 25, 28) . Bagasra et al (38) have shown that iNOS-expressing cells in MS brains were predominantly, but not exclusively, microglia/macrophages. Therefore, understanding the mechanism by which iNOS is induced in CNS microglia of MS patients can thus impact upon the rational treatment of the disease. However, the mechanism by which microglia are activated to induce the expression of iNOS for the production of NO in MS brain remains unclear. Although LPS is a potent inducer of iNOS in microglia, it has not been demonstrated to have a physiological relevance in MS (39) . IFN-γ, alone or in combinations with other proinflammatory cytokines like TNF-α and IL-1β, can also induce iNOS in microglia (7, 24, 25, 28) , however, microglia isolated from adult human brain tend to be a poor source of iNOS-derived NO in response to these proinflammatory cytokines (40, 41) . These observations suggest that apart from proinflammatory cytokines, microglia can be activated by some other mechanism(s) for the induction of iNOS in the CNS of MS patients.
The infiltration of neuroantigen-specific T cells into the CNS is considered a key event in the pathogenesis of MS or EAE. However, the biological role of such T cells within the CNS is poorly understood. Several lines of evidence presented in this manuscript clearly support the conclusion that MBP-primed T cells potently induce the expression of iNOS in microglial cells through cell-cell contact. This conclusion is based on the following observations. First, MBPprimed T cells induce the production of NO and the expression of iNOS through the activation of NF-kB in mouse microglial cells. This effect was dosedependent and it peaked at 0.7:1 or 0.5:1 of T cell:microglia. In contrast, normal T cells were unable to induce the production of NO and the expression of iNOS. Second, the placement of MBP-primed T cells in a culture insert, where they were in close proximity to, but not contacting microglia, was unable to induce the production of NO in microglial cells. Third, soluble factors of MBP-primed T cells equivalent to T cells of 0.5:1 or 0.7:1 of T cell:microglia were very poor inducers of NO.
Integrins and adhesion molecules are involved in cell-cell interaction. It has been shown that an increased number of lymphocytes express VLA-4 in active MS lesions (42) and that blocking VLA-4 function with a monoclonal antibody prevents experimental allergic encephalomyelitis, an animal model of MS, in mice (43) . Consistently, short-term treatment of MS patients with anti α4 integrin antibody significantly reduces BBB dysfunction as assessed by contrast-enhanced MRI (44) . Earlier Yong and colleagues (34) have reported that this VLA-4-VCAM-1 interaction plays a crucial role when anti-CD3-stimulated T cells activate microglia through cell-cell contact prompting us to investigate the role of VLA-4 in neuroantigen-primed T cell-induced microglial production of NO. The observations presented in this manuscript that MBP-primed T cells expressed VLA-4 on their surface and that blocking of that VLA-4 by neutralizing antibodies against the α4 chain of VLA-4 inhibited the ability of MBP-primed T cells to induce the production of NO clearly suggest that VLA-4 integrin on the surface of neuroantigen-primed T cells plays an important role in contactmediated induction of iNOS in microglia. NO being a major mediator in immune and autoimmune functions has been also shown to increase permeability of the BBB, allowing substances to enter into the brain passively leading to vasogenic edema and secondary brain damage (45) . Although the precise molecular mechanisms for NO-induced breakdown of the BBB are not completely understood, in a cell culture model of the BBB, NO leads to a rapid breakdown in model barrier integrity and resulted in a reduction in cellular ATP content and GAPDH activity (46) . If these cell culture studies have significance in vivo the CNS of EAE and MS, it is possible that neuroantigen-primed T cells may increase the permeability of BBB through contact-mediated induction of NO production in microglia and astroglia (Dasgupta and Pahan, unpublished observation) present near the BBB junction.
Sedgwick et al (47) have shown that microglia and T cells do interact in vivo. In the graft-versus-host disease model, activated microglia were found to cluster around T cell infiltrates, and to be associated with single or clustered microglia (47) . Furthermore, microglia isolated from animals of graft-versus-host disease proliferated and exhibited functions of activated microglia, such as phagocytosis and motility (47) . In light of these in vivo observations, and the proximity of activated T cells and microglia in the perivascular space or CNS parenchyma of MS lesions (48) , the induction of iNOS by the contact between MBP-primed T cells and microglia described in this manuscript is relevant to MS pathogenesis. The in vitro model of our study used a 0.5:1 or 0.7:1 ratio of neuroantigen-primed T cells to microglia, and at present, it is unclear if this is a relevant ratio. Depending on the fact that microglia constitute only 2-5% of total CNS cells in normal brain (37) , the present study suggests that infiltration of very few neuroantigen-primed T cells would be sufficient to activate CNS microglia for contact-mediated induction of iNOS.
Several studies have shown that IFN-β decreases the number of relapses and MRI-detected lesions in relapsing/remitting MS patients (35, 36, 49) . However, the precise mechanism(s) by which IFN-β is effective in the treatment of MS has remained unclear. It has been suggested that IFN-β attenuates the disease process of MS probably through mediating systemic immunity (50), decreasing T cell reactivity to produce IFN-γ (51), stimulating the production of IL-10, an antiinflammatory cytokine (17) , inhibiting antigen presentation to T cells (52), or modifying humoral immune response (53) . Our current results have underlined another important mechanism by which IFN-β may be efficient in MS. In this regard, IFN-β blocks the ability of neuroantigen-primed T cells to induce contact-mediated production of the oligodendrocyte-toxic molecule, NO, in microglia by inhibiting the expression of VLA-4 on the surface of neuroantigenprimed T cells. It is not known if IFN-β can penetrate the blood-brain barrier. However, we have found that IFN-β alone can induce the production of NO and the activation of NF-kB (data not shown) in microglial cells suggesting that apart from inhibiting the functions of activated T cells if IFN-β itself can enter into the CNS it may augment the inflammatory response. Consistent to our observation, it has been found that IFN-β is beneficial in relapsing/remitting MS but not in acute MS attacks (54, 55) when the integrity of the blood-brain barrier is questionable.
Consistent to the inhibitory effect of IFN-β on the surface expression of VLA-4 in neuroantigen-primed T cells (Fig. 5) , after analyzing the cell surface expression of VLA-4 by flow cytometry in 10 MS patients before and during IFN-β treatment, Calabresi et al (56) have shown that the mean VLA-4 fluorescence of MS patients' lymphocytes decreases on treatment compared to untreated controls. However, this inhibitory effect of IFN-β on surface expression of VLA-4 was absent in in vitro studies with PBMC (56) . By western blot analysis Chabot et al (34) have reported that the total cellular level of the 80-kDa CD49d is lower (about 40%) in T lymphocytes treated with IFN-β than in untreated cells. In contrast, under the same condition, the cell surface levels of α4 integrin as assessed by flow cytometry were not affected (34) leading to the speculation that IFN-β treatment might affect the affinity of integrin molecules without altering their expression on the cell surface. However, in our experiment, IFN-β treatment has been found to inhibit the mean VLA-4 fluorescence on the surface of neuroantigen (MBP)-primed T cells compared to untreated cells (Fig. 5) . The only difference between these two studies is that activated T cells were incubated with IFN-β for 3 days in the former study by Chabot et al (34) but for 4 days in the present one (Fig.  5) . Therefore, this discrepancy about the effect of IFN-β on surface expression of VLA-4 in T cells could be explained by the possible complexity involved in the turnover of cell surface integrins.
NO and peroxynitrite (reaction product of NO and O 2 -) are potentially toxic molecules to neurons and oligodendrocytes that may mediate toxicity through the formation of iron-NO complexes of iron containing enzyme systems, oxidation of protein sulfhydryl groups, nitration of proteins and nitrosylation of nucleic acids and DNA strand breaks (2) . NO derived from microglia has also been implicated in the damage of myelin producing oligodendrocytes in demyelinating disorders like MS (7) . Because neuroantigen-primed T cells infiltrate into the CNS of MS patients, the induction of iNOS expression by MBP-primed T cells in microglia suggests that neuroantigen-primed T cells may induce the neural injury in the inflamed CNS through the induction of NO production. Table- 
